Molecular dynamics simulations of the two disaccharides of hyaluronan in aqueous solution.
Hyaluronan is an unusually stiff polymer when in aqueous solution, which has important consequences for its biological function. Molecular dynamics simulations of hyaluronan disaccharides have been performed, with explicit inclusion of water, to determine the molecular basis of this stiffness, and to investigate the dynamics of the glycosidic linkages. Our simulations reveal that stable sets of hydrogen bonds frequently connect the neighboring residues of hyaluronan. Water caging around the glycosidic linkage was observed to increase the connectivity between sugars, and further constrain them. This, we propose, explains the unusual stiffness of polymeric hyaluronan. It would allow the polysaccharide to maintain local secondary structure, and occupy large solution domains consistent with the visco-elastic nature of hyaluronan. Simulations in water showed no significant changes on inclusion of the exoanomeric effect. This, we deduced, was due to hyaluronan disaccharides ordering first shell water molecules. In some cases these waters were observed to transiently induce conformational change, by breaking intramolecular hydrogen bonds.